The four dentate N2O2 Schiff base ligand of bis(2-hydroxyacetophenone)-1,2-propanediimine (BHAPN) and its manganese (III) complex were synthesized and identified by microanalysis, spectral data ( 1 H NMR, MS, FT-IR and UV-Visible) and molar conductivity measurement. The mild and efficient homogeneous oxidative decarboxylation of some carboxylic acids by catalytic amount of this manganese (III) complex, using tetrabutylamonium periodate as a mild oxidant in chloroform at room temperature is reported. The catalyst used in this study showed good activity for the decarboxylation of the titled compounds.
Introduction
In the last two decades, some synthetic coordination compounds such as manganese porphyrins and related Schiff base complexes which exhibit similar structural and properties to cytochrome P-450 dependent monooxygenases, have been extensively investigated as effective biomimetic systems for the oxidation of organic compounds. [1] [2] [3] Several oxidants such as iodosylbenzene, hypochlorite, m-chloroperbenzoic acid, hydrogen peroxide, and periodates have been have been applied as oxygen source for performance of catalytic role of those compounds to understand the mechanism of cytochrome P-450 monooxygenase enzyme. [4] [5] [6] [7] [8] Among the various coordination compounds, especially, metalloporphyrins and the metal Schiff base complexes including salen and salophen ligands aroused the interest of synthetic chemists as model compounds for the active site of cytochrome P-450 due to their electronic structure and catalytic activity. Electronic and steric nature of the metal complex can be tuned by introducing electron-withdrawing, electronreleasing and/or bulky substituents in the ligand. For instance manganese, chromium, nickel, iron and cobalt Schiff base complexes have been extensively used as bio-mimicing catalysts for oxidation of organic compounds such as alkenes, alkanes, alcohols, aldehydes under homogeneous and heterogeneous conditions.
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Decarboxylation reactions have a key role in some areas of organic synthesis and biochemical processes. Several decarboxylation methods have been reported under thermal, [19] [20] photochemical [21] [22] and catalytic conditions. [23] [24] [25] The oxidative decarboxylation of antiinflammatory drugs such as Indomethacin and Ibuprofen afforded corresponding carbonyl derivatives that have been observed as well as similar pathway during drug metabolism in vivo. [26] [27] [28] In continuation of our ongoing research programme on the catalytic oxidation of organic compounds, 29 herein we wish to report the synthesis of a manganese(III) Schiff base complex with a four dentate Schiff base ligand and then investigation of its catalytic activity for the biomimetic oxidative decarboxylation of a variety of carboxylic acids. (Scheme1).
Results and Discussion
The ligand of BHAPN was prepared by condensing of 2-hydroxyacetophenone and 1,2-propanediamine in a 2:1 molar ratio and then was characterized by elemental analysis, FT-IR, 1 H NMR and Mass spectral data. In the infra-red spectrum, the vibrational frequencies at 3400 cm -1 and 1612 cm -1 well assigned to the O-H and the asymmetric iminic vibrational stretching modes as the characteristic stretchings of the free ligand. 30-32 Analytical data, FT-IR, UV-Visible spectrum and molar conductivity measurement confirmed the proposed structure. In the Infra-red spectrum, the vibrational frequency at 1583 cm -1 was attributed to the asymmetric stretching mode of the coordinated -C=N. 29 In the electronic spectrum of the complex four bands at 219, 260, 380 and 540 nm were observed that the first two bands are assigned to π-π* of the phenyl groups and the third band to the π-π* of iminic groups of the coordinated ligand that shifted to lower energy with respect to free ligand. The fourth band at 540 nm maybe assigned to d-d electronic transition of the complex. The conductivity measurement in DMF solution indicated that the Mn(III) complex is neutral (Ω = 20.75 µS/cm). 30, 31 The NMR of the complex could not be recorded due to its paramagnetic property. After the synthesis and characterization of the Mn(III) complex, its catalytic activity was examined for the oxidative decarboxylation of some carboxylic acids according to typical procedure using (n-Bu)4NIO4 as an oxidant at room temperature. Before every thing to obtain the suitable conditions for catalytic decarboxylation, some parameters such as the kind of solvent and, catalyst, oxidant and auxiliary base amounts must be optimized. At first as shown in Table 1 various solvents such as dichloromethane, chloroform, acetonitrile, acetone and ethanol were used for the choice of a suitable solvent. A typical reaction on phenylacetic acid (1 mmol) was designed using the 10% molar ratio of Mn(III) complex and tetrabutylamonium periodate as oxidant in above solvents. Among the solvents used, the chloroform was found to be a suitable solvent. Figure 1 illustrates the effect of catalyst molar ratio (%) on the conversion time of phenylacetic acid as typical substrate in chloroform at room temperature. In the absence of the catalyst, the reaction showed very low progress even after prolonged reaction time with increasing the catalyst, the reaction time is decreased up to 10% of catalyst molar ratio that was found to be an optimum amount in current conditions. The higher amount of catalyst was found that have not a notable effect on the reaction time.
Generally catalytic reactions by the Schiff base and/or porphyrin complexes are accelerated by use of auxiliary bases such as imidazole. Therefore similar to others, different molar ratios of imidazole (with respect to substrate) were examined. The decarboxylation rate of phenylacetic acid in the absence of imidazole is low (< 30% conversion within 40 minutes) whereas the conversion reaches to 100% in 40 minutes when 40% imidazole as the auxiliary base is used. In final as shown in Figure 2 , among the various ratios of oxidant to substrate, the 1.5/1 ratio of tetrabutylamonium periodate to phenylacetic acid was selected as optimum ratio.
After optimization reactions, some carboxylic acid derivatives were subjected to the Mn(III) complex/imidazole/(n-Bu)4 NIO4 catalytic system in chloroform that led to decarboxylation in good to high yields at reasonable reaction times at room temperature. Based on the results in Table 2 , all carboxylic acids were converted to carbonyl compounds as major products with yields in 70-94% except for the triphenylacetic acid (entry 3) that was converted to tertiary alcohols.
With regard to the literature, 28 the mechanism in Scheme 2 is proposed for the catalytic oxidative (3) as a direct oxidant is formed. Then the carboxylic acid, R1R2HCCOOH approaches via its C1-C2 to 3 to produce the alcohol of R1R2CHOH, CO2 and 1. At the second oxidative step, the formed alcohols again are subjected to another oxo-intermediate 3 to give the aldehydes or ketones as major products. To support of the suggested mechanism, two secondary alcohols such as 1-phenyl-1-propanol and benzhydrol were treated by the same catalytic oxidative reactions. The results revealed that they were oxidized to the same products of decarboxylation of carboxylic acids of entries of 1 and 15. In the case of a tertiary carboxylic acid (entry 3), the first step oxidative decarboxylation lead to a tertiary alcohol (triphenylmethanol) that can not be over-oxidized to aldehyde or ketone in our mild conditions. This observation is also in agreement with proposed two oxidation step mechanism for decarboxylation. On the other hand it seems that the mandelic acid (entry 16) with one -OH in α-position is directly decarboxylated to benzaldehyde at one step oxidation. The aliphatic carboxylic acids (entries, 17 and 18) were also subjected to this catalytic system. These acids were decarboxylated to the expected aldehydes but in lower yields at similar reaction times with respect to others. Again these results somewhat supports two suggested steps for decarboxylation of carboxylic acids.
Conclusions
In this paper we have reported a new application of a Mn(III) Schiff base complex as a novel homogeneous catalytic system in a convenient, efficient and practical method for the effective oxidative decarboxylation of some carboxylic acids. The availability of the reagents, facile synthesis of the complex, the easy work-up of products and the high yields make this method as a useful alternative to the literature procedures in this subject.
Experimental
Chemicals and apparatus. Carboxylic acids were purchased from Merck or Fluka and used without further purification. The electronic absorption spectra were recorded with a JASCO UV-570 spectrophotometer. 1 H NMR spectra were obtained with a Brucker 500 MHz spectrometer. IR spectra were recorded on a FT-IR JASCO-680 spectrophotometer. Mass spectra were recorded on shimadzu 1800. Molar conductivity of complexes was measured by Metrohm 712 model. Elemental analyses (CNHS) of samples were performed using a CHNS-932 elemental analyzer.
Preparation of bis(2-hydroxyacetophenone)-1,2-propanediimine(BHAPN). A solution of 1,2-propanediamine (0.223 g, 3 mmol) in absolute ethanol (15 mL) was added to a solution of 2-hydroxyacetophenone (0.817 g, 6 mmol) in absolute ethanol (20 mL) and then refluxed for 7 h. The reaction mixture was kept in the refrigerator overnight and three days under air evaporation. The product was obtained as yellow crystalline powder in 85% yields. Elemental analysis, % C 19 Typical experimental procedure. To Mn(III) complex (0.1 mmol, 10% molar ratio) in chloroform (20 mL), imidazole (0.4 mole, 40% mmol), 2,6-dichlorophenylacetic acid (1 mmol) and then tetrabutylamonium periodate (1.5 mmol) were added. The reaction mixture was stirred until TLC indicated the reaction was completed at room temperature. The resulting solution was concentrated under reduced pressure to yield a residue, which was passed through a short pad of silica gel using ethyl acetate and n-hexane (1:2) as eluent to provide analytically pure product in 87% yield. IR (KBr, cm 
